The World Health Organization (WHO) recommends the body mass index (BMI) for the evaluation of nutrition in children. However, BMI alone is insufficient to differentiate between the excess body-weight associated with the muscle-mass and/or fat-mass. Therefore upper-arm anthropometry can be used to determine the upper arm composition, related to the body composition.
INTRODUCTION
Evaluating the nutritional status in children is important because both overweight and underweight are associated with higher morbidity and premature mortality [5, 10, 25] . The World Health Organization (WHO) recommends the body mass index (BMI) for the evaluation of nutrition in children [1] .
The BMI formula as first published by Adolphe Quetelet (1796-1874) was called the Quetelet Index until it was renamed to the Body Mass Index in 1972 [8] . The BMI does not measure body fat directly, but research has shown that the BMI is correlated with more direct measures of body fat, such as skinfold thickness measurements, bioelectrical impedance, densitometry (underwater weighing) and dual energy x-ray absorptiometry (DXA) [11, 14, 37] . However, the BMI is not the most sensitive marker for detecting excess body fat and may therefore be inaccurate for detecting future risks [9] .
Measuring skinfold (SF) thickness is a widely used, simple and inexpensive method of evaluating nutrition in children. Different studies suggest that SF measurements in children are superior to the BMI as a predictor of obesity and adult body fat [18, 23, 38] . The problem with the BMI alone is its inability to differentiate between the excess body-weight associated with muscle-mass and/or fat-mass [32, 33] .
SF measurements can be used as absolute values (in mm) or used in a group of the equation called upper-arm anthropometry, which is used to determine the upper-arm composition [13, 19, 21] . The necessary measurements are upper-arm circumference (UAC) and triceps skinfod thickness (TSF), which are used in calculations to assess the body composition by upper-arm muscle area (UMA), upper-arm fat area (UFA), arm-fat index (AFI), and upper-arm muscle-area by height (UAMAH) [7, 13, 27] . The credibility of upper arm anthropometry calculations has been approved by magnetic resonance imaging (MRI) investigations [27] .
Several different studies suggest that the upper-arm composition in children is related to body composition [4, 15, 29] . Also, several studies show the direct association of changes in biochemical processes and the nutritional status with upper-arm composition [3, 17] . However, the upper-arm anthropometry for nutritional assessment in children is not the WHO recommended it as a standard procedure [26] .
MATERIAL AND METHODS
The study includes 54 children, age 5-7 years, without chronic medical conditions and in a normal weight range.
Anthropometric measurements
Body height, body weight, UAC and TSF were measured according to standard procedures, using the instruments of "SiberHegner&Co". Body height was measured using an anthropometer to the nearest 0.10 cm. The weight of the children wearing minimum clothing and with bare feet was measured using a portable digital weighing machine to the nearest 100g. The UAC was mesured at the midpoint of the upper-arm using a plastic non-stretchable measuring tape to the nearest 0.10 cm. The TSF was recorded using a skinfold caliper to the nearest 0.20 mm.
The BMI calculation
The BMI was calculated according to the Quetelet formula [1] : the BMI (kg/m 2 ) = weight (kg) / height (m 2 ). The BMI was expressed as a percentile and evaluated [20] . The children with the BMI above the 95 th percentile and below the 5 th percentile were excluded from the study.
Upper arm anthropometry calculations
The upper-arm composition was assessed using equations by Best and Kuhl [13] . TUA,UMA, UFAand AFI were calculated using the following formulas:
The nutritional status was determined using the Z-score based classification for UAMAH by Frisancho and Tracer [13] , depicted in Table 1 . Table 1 . Anthropometric classifi cation for the evaluation of the nutritional status based on age and gender-specifi c anthropometric distributions [13] . 
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Data analysis
The data analysis was performed using MS Excel 2007 and IBM SPSS Statistics 21.0 programs. Descriptive statistics and the correlation analysisofseveral different values were determined gender specifically.
RESULTS
The anthropometric measurements, the BMI and upper-arm anthropometry values are displayed gender specifically in Table 2 and Table 3 . Table 2 . Age-specifi c subject distribution, descriptive statistics of anthropometric, the BMI and upper-arm anthropometry variables among boys. 
Age (years)
Number
Assessment of height, weight and the BMI
In both genders the height and weight correlated significantly with age (p<0.01), while there was no significant correlation between age and the BMI both in boys and girls. The BMI was expressed to percentile according to the WHO data. It was established that 53.3% of boys were in between the 5 th and 50 th percentile, while 46.7% were in between the 50 th and 95 th percentile. 37.5% of girls were in between the 5 th and 50 th percentile, and 62.5% were in between the 50 th and 95 th percentile. The percentage of boys with the BMI less than 50 th percentile grew significantly with age (from 20% in the age of 5 years to 75% in the age of 7 years); there was a similar tendency observed in girls (from 25% in the age of 5 years to 50% in the age of 7 years).
Assessment of upper arm anthropometry.
In boys there was a medium correlation between the age and UAC (r=0.39; p<0.05). There was no statistically significant correlation between age and TSF both in boys and girls.
In boys there was a medium correlation between age and UMA (r=0.33; p<0.05) and age. However, in girls there was no statistically significant correlation.
There was also no statistically significant correlation between age and TSF or AFI in boys and girls.
Comparison of upper arm anthropometry and the BMI
There was a medium-high correlation between the BMI and UAC in both boys (r=0.54; p<0.01) and girls (r=0.61; p<0.01).
A medium correlation was found between the BMI and UMA in boys (r=0.53; p<0.01) and girls (r=0.48 p<0.01). A medium correlation was also found between the BMI and UFA in boys (r=0.35; p<0.05) and girls (r=0.41; p<0.05).
Both in boys and girls there was no statistically significant correlation between the BMI andAFI.
The nutritional assessment
Nutritional status was determined using the proposed Z-score based UAMAH classification ( Table 1) . The results are shown in Table 4 . The overall prevalence of wasting (<−1.60 Z-score) and below average (−1.60 to −1.00 Z-score) were found in 1.85% and 7.41%. There is a little prevalence of high muscle mass (5.56% overall). There was no statistically significant correlation between the BMI and UAMAH Z-score in both boys and girls.
DISCUSSION
The body composition and the nutritional status assessment based on anthropometry is still an important technique for providing important epidemiological and clinical investigation. The upper-arm composition can provide good assessment of muscularity and adiposity compared to the conventional anthropometric measure [28, 30] .
The widely used and the WHO recommended BMI has a few imperfections in evaluating nutrition in children. For example, a low BMI can be an indicator of malnutrition, which is characterized by a decrease in both fat and muscle tissue. However, a tall and normally lean child can also have a low BMI. Similarly, an obese child usually has a high BMI; but a muscular and large-framed child can also have a high BMI. Therefore the high BMI is not always associated with excess fat, and a low BMI does not necessarily mean malnutrition [13] .
During the study it was established that the BMI correlates with UAC and UMA in both genders; in 2015 similar results were shown in a study by Ma et al. [22] .The present study concludes that the BMI correlates also with UFA in both genders, which confirms the BMI being associated with both fat and muscle mass. However, it was also found that both boys and girls have no statistically significant correlation between the BMI and AFI. This suggests that the BMI within a normal range in preschool children could rather be associated with the amount of muscle mass.
During the study it was also established that UAC and UMA correlated with age in boys. There was no statistically significant correlation in girls; however, it could be explained by insufficient amount of data for confirming or disclaiming correlation. Different studies suggest that although UMA correlates positively with age in both genders, the UAC and UMA increase significantly during puberty from Tanner stage 1 to 5 [4, 6, 28] . In the present study Tanner scores were not evaluated due to the mean age of puberty onset being 10.5 years in girls and 11.5 years in boys [16, 35] .
Several authors suggest the high value of UAC in nutritional assessment. In 2015 Sultana et al. suggests that UAC could replace the BMI as an assessment of undernutrition [31] . Moreover, a study by Ma et al. (2015) suggests that UAC is equivalent to the BMI and waist circumference as a screening test for hypertension in children [22] .
The upper-arm composition can provide a better assessment of muscularity and adiposity, but it has some flaws, like beingrather insensitive to short-term changes in the body composition. The UAMAH is considered to be a valuable index used to identify the risk factors of undernutrition when both muscle-mass and fat-mass are decreased [2, 30] .
According to the UMA and UAMAH scores, muscularity was found greater among boys than girls; the results also showed that girls tend to have a greater fat-pattern than boys, according to UFA and AFI scores. Similar results were shown in the children's population studies in Turkey [24] , Argentina [2] and India [4, 30] . These differences can be explained by several factors such as sexual dimorphism, genotype, birth weight, catch-up growth, breastfeeding, diet and eating habits, physical activity, socioeconomic status and environmental conditions [34, 36] . It is suggested that the greater muscularity would reflect a greater protein reserve and the lowest musculature is related to the lowest height in children [12, 13] .
Only children with BMI >5 th percentile and <95 th percentile (category II to category IV) were included in the present study. However, the results show that out of 54 children 1 (1.85%) was ranked in UAMAH category I. On the contrary, the number of subjects in category V was 3 (5.56%). There was no statistically significant correlation, positive or negative, between the UAMAH Z-scores and BMI Z-scores. This again suggests that the BMI alone cannot be a sufficient method to evaluate nutrition, specifically undernutrition or high muscularity. A study by Frisancho et al. (1987) suggests that if a child with BMI below the 5 th percentile also possesses UAMAH score below the 5 th percentile, it can be inferred that the child is undernutrified (or wasted) [13] . The organism's first response to malnutrition first affects nutritionally labile tissues, such as fat and muscle, which then are depleted first and, as malnutrition continues, growth retardation occurs. Therefore, it is advised that the BMI and UAMAH should be used in conjunction for a more complete evaluation of the body composition, the growth and nutritional status [13, 30] . The use of UAMAH has improved the accuracy of detectionof undernutrition and may be a more appropriate indicator of it [30, 32] . This could allow for an objective, systematic and early screening and promote rational and early treatment, therefore reducing morbidity, mortality, worsening of the quality of life and global healthcare costs [26, 30, 32] .
CONCLUSIONS
1. Upper-arm anthropometry is a valuable assessment of the nutritional status of preschool children in the Latvian population. 2. In the Latvian preschool children's population a child's BMI within a normal range could rather be associated with the muscle mass than the fat mass. 3. For a more complete nutritional assessment in preschool children in the Latvian population the BMI should be used in combination with upper-arm anthropometry and UAMAH scores to improve the screening of undernutrition. 4. The present study is supposed to be continued, including a higher number of subjects for a better assessment.
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